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Abstrat
A version of the osmologial perturbation theory in general relativity (GR) is developed,
where the osmologial sale fator is identified with spatial averaging of the metri deter-
minant logarithm and the osmi evolution aquires the pattern of a superfluid motion: the
absene of frition-type interation, the London-type wave funtion, and the Bogoliubov
ondensation of quantum universes. This identifiation keeps the number of variables of GR
and leads to a new type of potential perturbations. A set of arguments is given in favor of
that this superfluid version of GR is in agreement with the observational data.
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1. Introdution
Separation of the osmologial sale fator from metris in general relativity (GR) is well known
as the osmologial perturbation theory proposed by Lifshitz [1℄ and applied as a basi tool
for analysis of modern observational data in astrophysis and osmology [2℄. However, the
number of variables of the Lifshitz theory differs from GR. In the present paper, a new version
of the osmologial perturbation theory [3℄ is disussed, where the logarithm of osmologial sale
fator oinides with spatial averaging the metri determinant logarithm, so that the number of
variables of GR is onserved. The onservation of the number of variables allows us to solve
the energy onstraint, fulfil the Dira Hamiltonian redution and quantization. This Quantum
Gravity has some attributes of the theory of superfluidity of the type of Landau's superfluid
dynamis [4℄, London's unique wave funtion [5℄, and Bogoliubov's squeezed ondensate [6℄ and
gives us a new possibility to explain the CMBR primordial power spetrum and other topial
problems of modern osmology.
2. Superfluid motion and potential perturbations
GR was given by Einstein and Hilbert 90 years ago with the dynami ation
S =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + L(M)
]
, (1)
where ϕ20 =
3
8piM
2
Planck is the Newton onstant, L(M) is the matter Lagrangian, and an interval
gµνdx
µdxν ≡ ω(α)ω(α) = ω(0)ω(0)−ω(1)ω(1)−ω(2)ω(2)−ω(3)ω(3) presented here by the omponents
of an orthogonal simplex of referene ω(α).
These simplex omponents in the referene frame of the Dira  ADM Hamiltonian approah
to GR [7℄ take the form
ω(0) = ψ
6Nddx
0, ω(b) = ψ
2
e(b)i(dx
i +N idx0); (2)
here e(a)i are triads of the spatial metris with det |e| = 1, Nd is the Dira lapse funtion, N i
is shift vetor, and ψ is a determinant of the spatial metri. All these omponents were onsid-
ered by Dira as the potentials exept of two transverse triads distinguished by the onstraints
∂je
j
(a)
= 0 and the zero determinant momentum pψ = 0. Latter ontradits to Friedmann-
type evolution in the homogeneous approximation of GR, where the determinant omponent is
identified with the osmologial sale fator (ψ2 ≃ a(x0)) and its momentum oinides with the
Hubble parameter. The question appears about the status of the Hubble parameter in the Dira
Hamiltonian approah [7℄.
To answer this question we onsider the osmologial perturbation theory [1, 2℄ gµν =
a2(x0)g˜µν in terms of the Dira  ADM variables, where one an get the new lapse funtion
N˜d = [
√
−g˜ g˜00]−1 = a2Nd and spatial determinant ψ˜ = (
√
a)−1ψ.
After the separation of the spatial metri determinant in the urvature
√−gR(g) = a2
√
−g˜R(g˜)−
6a∂0
[
N˜−1d ∂0a
]
the determinant part of the Lagrangian takes the form
L = −ϕ20
∫
d3xN˜d
[
4a2 (vψ)
2 +
(
∂0a
N˜d
)2]
− 2ϕ20∂0a2
∫
d3xvψ + ..., (3)
where vψ =
[
(∂0 −N l∂l) log ψ˜ − 16∂lN l
]
/N˜d is a loal veloity. One an see that this Lagrangian
ontains the veloity-veloity interation distinguished by the box in Eq. (3). This interation
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mixes the anonial momenta
Pa ≡ ∂L
∂(∂0a)
= −ϕ20
∫
d3x
[
4a vψ + 2
∂0a
N˜d
]
, (4)
pψ =
∂L
∂(∂0 log ψ˜)
= −2ϕ20a
[
4avψ + 2
∂0a
N˜d
]
, (5)
so that the integral of the loal momentum pψ oinides with the one of osmi motion∫
d3xpψ = −2ϕ20a
∫
d3x
[
4avψ + 2
∂0a
N˜d
]
≡ 2aPa , (6)
and the Hamiltonian approah is failure. The reason of that is the inrease of the number of
variables after the separation a(x0).
In order to keep the number of variables, we identify log
√
a with the spatial volume aver-
aging of logψ: log
√
a = 〈logψ〉 ≡ ∫ d3x logψ/V0, where V0 = ∫ d3x <∞ is a finite volume. In
this ase, the new determinant variable ψ˜ and its veloity satisfy the identities∫
d3x log ψ˜ =
∫
d3x [logψ − 〈logψ〉] ≡ 0,
∫
d3xvψ ≡ 0. (7)
This means that all the box terms in Eqs (3) (6) disappear together with the frition-type
veloity-veloity interation. The momenta (4) and (5) are ompletely separated
Pa ≡ = −2V0ϕ20∂0a〈(N˜d)−1〉 = −2V0ϕ20
da
dζ
≡ −2V0ϕ20a′, (8)
pψ =
∂L
∂(∂0 log ψ˜)
= −8ϕ20a2vψ, (9)
here the averaging 〈(N˜d)−1〉 determines the time interval dζ = 〈(N˜d)−1〉
−1
dx0 that is invariant
with respet to reparametrizations of the oordinate evolution parameter x0. In this ase, the
sale transformation gµν = a
2(x0)g˜µν onverts the GR ation (1) into the frition-free one
S[ϕ0] = S˜[ϕ]−
∫
dx0(∂0ϕ)
2
∫
d3x
N˜d
, (10)
where S˜[ϕ] is the ation (1) in terms of metris g˜ and the running sale ϕ(x0) = ϕ0a(x
0) of all
masses inluding the Plank one ϕ0. The energy onstraint δS[ϕ0]/δN˜d = 0 takes algebrai form
[9℄ with respet to the invariant loal lapse funtion Ninv ≡ N˜d〈(N˜d)−1〉
−δS˜[ϕ]
δN˜d
≡ T˜ 00 =
[
∂0ϕ
N˜d
]2
=
1
N2inv
[
dϕ
dζ
]2
=
ϕ′2
N2inv
, (11)
where T˜ 00 is the loal energy density. This equation has the resolution in both the loal setor
Ninv ≡ N˜d〈(N˜d)−1〉 =
〈√
T˜ 00
〉(√
T˜ 00
)−1
(12)
and the global one
ζ(ϕ0|ϕ) ≡
∫
dx0〈(N˜d)−1〉−1 = ±
∫ ϕ0
ϕ
dϕ˜
〈√
T˜ 00 (ϕ˜)
〉−1
(13)
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where the invariant time ζ is onneted with the sale fator by the Hubble-like law.
The expliit dependene of T˜ 00 on ψ˜ was given by Lihnerowiz [10℄
T˜ 00 = ψ˜
7△ˆψ˜ +
∑
I
ψ˜Ia
I
2
−2τI , τI ≡ 〈τI〉+ τI , (14)
where △ˆψ˜ ≡ 4ϕ
2
3
∂(b)∂(b)ψ˜ is the Laplae operator and τI is partial energy density marked by
the index I running a set of values I = 0 (stiff), 4 (radiation), 6 (mass), 8 (urvature), 12 (Λ-
term) in orrespondene with a type of matter field ontributions. The negative ontribution
−(16/ϕ2)pψ2 of the spatial determinant momentum in the energy density τI=0 an be removed
by the Dira onstraint [7℄ of the zero veloity of the spatial volume element
pψ = −8ϕ2 1
N˜d
[
(∂0 −N l∂l) ln ψ˜ − 1
6
∂lN
l
]
= −8ϕ2 ∂0ψ˜
6 − ∂l[ψ˜6N l]
ψ˜6N˜d
= 0. (15)
In the lass of funtions F = F − 〈F 〉, the lassial equation δS/δ log ψ˜ = 0 takes the form
N˜dψ˜
∂T˜ 00
∂ψ˜
+ ψ˜△
[
∂T˜ 00
∂△ψ˜
N˜d
]
= 0 → 7Ninvψ˜7△ˆψ˜+ψ˜△ˆ[Ninvψ˜7]+
∑
I
Iψ˜Ia
I
2
−2τI = 0
and gives both the determinant ψ˜ = 1 + µ and the lapse funtion (12) Ninvψ˜
7 = 1− ν.
The first order of this equation determines µ and ν in the form of a sum [3℄
µ =
1
2
∫
d3y
[
D(+)(x, y)T
(µ)
(+)(y) +D(−)(x, y)T
(µ)
(−)(y)
]
, (16)
ν =
1
2
∫
d3y
[
D(+)(x, y)T
(ν)
(+)(y) +D(−)(x, y)T
(ν)
(−)(y)
]
, (17)
where
β =
√
1 + [〈τ(2)〉 − 14〈τ(1)〉]/(98〈τ(0)〉),
T
(µ)
(±) = [1± 49β]τ(0) ∓ 7βτ(1), T
(ν)
(±) = [7± (14β)−1]τ(0) − τ(1) (18)
are the loal urrents, D(±)(x, y) are the Green funtions satisfying the equations
[±mˆ2(±) − △ˆ]D(±)(x, y) = δ3(x− y), (19)
where mˆ2(±) = 14(β ± 1)〈τ(0)〉 ∓ 〈τ(1)〉, τ(n) =
∑
I I
na
I
2
−2τI . In the ase of point mass dis-
tribution in a finite volume V0 with the zero pressure and the density τ(0)(x) = τ(1)(x)/6 ≡
M
[
δ3(x− y)− 1/V0
]
, solutions (16), (17) take a very interesting form
ψ˜ = 1 + µ(x) = 1 +
rg
4r
[
γ1e
−m(+)(z)r + (1− γ1) cosm(−)(z)r
]
, (20)
Ninvψ˜
7 = 1− ν(x) = 1− rg
4r
[
(1− γ2)e−m(+)(z)r + γ2 cosm(−)(z)r
]
, (21)
where γ1 =
1 + 7β
2
, γ2 =
14β − 1
28β
, rg =
3M
4piϕ2
, r = |x − y|. The zero volume veloity (15)
gives the diffeo-invariant shift of the oordinate origin
〈(N˜d)−1〉N i =
(
xi
r
)(
∂ζV
∂rV
)
, V (ζ, r) =
r∫
dr˜ r˜2ψ˜6(ζ, r˜). (22)
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In the infinite volume limit 〈τ(n)〉 = 0, a = 1 solutions (20) and (21) oinide with the isotropi
version of the Shwarzshild solutions: ψ˜ = 1 +
rg
4r
, Ninvψ˜
7 = 1− rg
4r
, Nk = 0.
The main differenes of the superfluid-type version of GR from the Lifshitz version [1, 2℄ are
the potential perturbations of the salar omponents Ninv, ψ˜ instead of the kineti ones and the
nonzero shift vetor Nk 6= 0 determined by Eq. (15). Reall that just the kineti perturbations
are responsible for the primordial power spetrum in the inflationary model [2℄. The problem
appears to desribe CMBR by the potential perturbations given by Eqs. (16)  (22).
3. London wave funtion & Bogoluibov ondensation
The main onsequene of the separation of the osmologial sale fator is the London-type
globalization of the energy onstraint (12). It fixes only the sale momentum Pϕ
P 2ϕ ≡ [Pa/ϕ0]2 = E2ϕ ≡
[
2
∫
d3x
√
T˜ 00
]2
, (23)
in ontrast to the energy onstraint in GR without the osmologial sale fator. The redued
ation an be obtained as values of the Hamiltonian ation for the energy onstraint P 2ϕ = E
2
ϕ
[9℄:
S[ϕI |ϕ0]|Pϕ=±Eϕ =
ϕ0∫
ϕI
dϕ˜
{∫
d3x
[∑
F
PF∂ϕF + C ∓ 2
√
T˜ 00 (ϕ˜)
]}
, (24)
where C is the sum of all Dira onstraints [7, 9℄. Momenta Pϕ± = ±Eϕ beome the generator
of evolution of all variables with respet to the evolution parameter ϕ [9℄ forward and bakward,
respetively. The negative energy problem an be solved by the primary quantization of the
energy onstraint [P 2ϕ−E2ϕ]Ψu = 0 and the seondary quantization Ψu = (1/
√
2Eϕ)[A
++A−] by
the Bogoliubov transformation A+ = αB++β∗B−, in order to diagonalize the equations of motion
by the ondensation of universes < 0| i
2
[A+A+ −A−A−]|0 >= R(ϕ) and desribe osmologial
reation of a number of universes < 0|A+A−|0 >= N(ϕ) from the stable Bogoliubov vauum
B−|0 >= 0. Vauum postulate B−|0 >= 0 leads to an arrow of the invariant time ζ ≥ 0 (13)
and its absolute point of referene ζ = 0 at the moment of reation ϕ = ϕI [3, 9℄; whereas the
Plank value of the running mass sale ϕ0 = ϕ(ζ = ζ0) belongs to the present day moment ζ0.
The redued ation (24) shows us that the initial data at the beginning ϕ = ϕI are independent
of the present-day ones at ϕ = ϕ0, therefore the proposal about an existene of the Plank epoh
ϕ = ϕ0 at the beginning [2℄ looks very doubtful.
4. W-,Z- Fatory versus the Plank epoh
The low-energy expansion of the redued ation (24) over the field density Tsm
2dϕ
√
T˜ 00 = 2dϕ
√
ρ0(ϕ) + Tsm = dϕ
[
2
√
ρ0(ϕ) + Tsm/
√
ρ0(ϕ)
]
+ ...
gives the sum: S(+)|constraint = S(+)cosmic + S(+)field + . . ., where S(+)cosmic[ϕI |ϕ0] = −2V0
ϕ0∫
ϕI
dϕ
√
ρ0(ϕ) is
the redued osmologial ation and
S
(+)
field =
η0∫
ηI
dη
∫
d3x
[∑
F
PF∂ηF − Tsm
]
(25)
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is the standard field ation in terms of the onformal time: dζ = dη = dϕ/
√
ρ0(ϕ) in the
onformal flat spaetime with running masses m(η) = a(η)m0.
This low-energy expansion identifies the onformal quantities with the observable ones
inluding the onformal time dη, instead of dt = a(η)dη, the oordinate distane r, instead of
Friedmann one R = a(η)r, and the onformal temperature Tc = Ta(η), instead of the standard
one T . In this ase, the osmologial redshift of the spetral lines
Eemission
E0
=
matom(η0 − r)
matom(η0)
≡ ϕ(η0 − r)
ϕ0
= a(η0 − r) = 1
1 + z
is explained by the running masses m = a(η)m0 in ation (25) [11, 12, 13℄.
The onformal observable distane r loses the fator a, in omparison with the nononformal
one R = ar. In the units of onformal quantities the Supernova data [15, 16℄ are onsistent
with the dominane of the stiff (rigid) state, ΩRigid ≃ 0.85± 0.15, ΩMatter = 0.15± 0.15 [12, 13℄.
If ΩRigid = 1, we have the square root dependene of the sale fator on onformal time a(η) =√
1 + 2H0(η − η0). Just this time dependene of the sale fator on the measurable time (here
 onformal one) is used for desription of the primordial nuleosynthesis [17℄. This stiff state
is formed by a free salar field when Eϕ = 2V0
√
ρ0 = Q/ϕ and Q/2V0 = H0ϕ
2
0 = HIϕ
2
I is an
integral of motion.
These initial data ϕI and HI an be determined by the parameters of matter osmologially
reated from the vauum at the beginning of a universe η ≃ 0.
The Standard Model (SM) density Tsm in ation (25) shows us that W-, Z- vetor bosons
have maximal probability of this osmologial reation due to their mass singularity [14℄. One
an introdue the notion of a partile in a universe if the Compton length of a partile defined
by its inverse mass M−1I = (aIMW)
−1
is less than the universe horizon defined by the inverse
Hubble parameter H−1I = a
2
I (H0)
−1
in the stiff state. Equating these quantities MI = HI one
an estimate the initial data of the sale fator a2I = (H0/MW)
2/3 = 10−29 and the primordial
Hubble parameter HI = 10
29H0 ∼ 1 mm−1 ∼ 3K. Just at this moment there is an effet of
intensive osmologial reation of the vetor bosons desribed in [14℄; in partiular, the distribu-
tion funtions of the longitudinal vetor bosons demonstrate us a large ontribution of relativisti
momenta. Their onformal (i.e. observable) temperature Tc (appearing as a onsequene of ol-
lision and sattering of these bosons) an be estimated from the equation in the kineti theory
for the time of establishment of this temperature η−1relaxation ∼ n(Tc)× σ ∼ H, where n(Tc) ∼ T 3c
and σ ∼ 1/M2 is the ross-setion. This kineti equation and values of the initial data MI = HI
give the temperature of relativisti bosons
Tc ∼ (M2I HI)1/3 = (M20H0)1/3 ∼ 3K (26)
as a onserved number of osmi evolution ompatible with the Supernova data [12, 15, 16℄. We
an see that this value is surprisingly lose to the observed temperature of the CMB radiation
Tc = TCMB = 2.73 K.
The primordial mesons before their deays polarize the Dira fermion vauum (as the origin
of axial anomaly) and give the baryon asymmetry frozen by the CP-violation. The value of the
baryonantibaryon asymmetry of the universe following from this axial anomaly was estimated
in [14℄ in terms of the oupling onstant of the superweak-interation
nb/nγ ∼ XCP = 10−9. (27)
The boson life-times τW = 2HIηW ≃ (2/αW )2/3 ≃ 16, τZ ∼ 22/3τW ∼ 25 determine the present-
day visible baryon density
Ωb ∼ αW = αQED/ sin2 θW ∼ 0.03. (28)
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All these results (26)  (28) testify to that all visible matter an be a produt of deays of
primordial bosons, and the observational data on CMBR an reflet parameters of the primordial
bosons, but not the matter at the time of reombination. In partiular, the length of the semi-
irle on the surfae of the last emission of photons at the life-time of W-bosons in terms of the
length of an emitter (i.e. M−1W (ηL) = (αW /2)
1/3(Tc)
−1
) is pi · 2/αW . It is lose to lmin ∼ 210 of
CMBR, whereas (△T/T ) is proportional to the inverse number of emitters (αW )3 ∼ 10−5.
The temperature history of the expanding universe opied in the onformal quantities looks
like the history of evolution of masses of elementary partiles in the old universe with the on-
formal temperature Tc = a(η)T of the osmi mirowave bakground. In the superfluid version of
osmology [12℄, the dominane of stiff state ΩStiff ∼ 1 determines the parameter of spatial osilla-
tions mˆ2(−) =
6
7H
2
0 [ΩR(z+1)
2+ 92ΩMass(z+1)]. The values of red shift in the reombination epoh
zr ∼ 1100 and the lusterization parameter rclustering = pi
mˆ(−)
∼ pi
H0Ω
1/2
R (1 + zr)
∼ 130Mpc re-
ently disovered in studies of a large sale periodiity in redshift distribution [18℄ lead to a
reasonable value of the radiation-type density 10−4 < ΩR ∼ 3 · 10−3 < 5 · 10−2 at the time of
this epoh.
5. Conlusions
The onservation of the number of variables of GR after the separation of the osmologial sale
fator from all fields leads to the Hamiltonian version of GR where the osmi evolution aquires
the pattern of a superfluid motion without the frition-type interation. In this version the
sale fator is an evolution parameter in the field spae of events [ϕ|F˜ (n)], and its anonial
momentum (i.e. the Hubble parameter) plays the role of the generator of evolution of the fields
F˜ (n). The values of the sale fator momentum for solutions of the equations of motion an be
alled the redued energies.
The solution of the problem of the negative redue energy by the primary quantization and
the seondary one (on the analogy of the pathway passed by QFT in the 20th entury) reveals
in GR other attributes of the theory of superfluid quantum liquid: London-type WDW wave
funtion and Bogoliubov-type ondensate of quantum universes. The postulate of the quantum
Bogoliubov vauum as the state with the minimal energy leads to the absolute beginning of
geometri time.
The Hamiltonian approah leads to potential perturbations of the salar metri omponents
in ontrast to the standard osmologial perturbation theory [1℄ keeping only the kineti per-
turbations whih are responsible for the primordial power spetrum in the inflationary model
[2℄. The Quantum Gravity onsidered as the theory of superfluidity gives us a possibility to
explain this spetrum and other topial problems of osmology by the osmologial reation
of the primordial W-, Z- bosons from vauum, when their Compton length oinides with the
universe horizon.
The orrespondene priniple as the low-energy expansion of the redued ation identifies
the onformal quantities with the measurable ones, and the unertainty priniple establishes
the point of the beginning of the osmologial reation of the primordial W-, Z- bosons from
vauum due to their mass singularity at the moment a2I ≃ 10−29,H−1I ≃ 1 mm. In this ase,
the equations desribing the longitudinal vetor bosons in SM are lose to the equations of the
inflationary model used for desription of the power primordial spetrum of the CMB radiation
[2℄. We listed the set of theoretial and observational arguments in favor of that the CMB
radiation an be a final produt of primordial vetor W-, Z- bosons osmologially reated from
the vauum.
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